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ABSTRACT 

Management of traffic incident is a functional part of the whole approach to solving 
traffic problems in the framework of intelligent transport systems. Development of an 
effective process of traffic incident management is an important part of the transport 
system. In this research, it’s suggested algorithm based on fuzzy logic to detect traffic 
incidents and determine its priority for transmission information about incident to 
emergency services. Sensors that are installed on the roadway provide the data for 
algorithm of incident detection. After the incident is detected, the algorithm of defining 
its priorities will be started. The traffic flow for research will be modeled in the PTV 
Vissim, after all receives information will be uploaded to excel for further processing. 
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Introduction 

The congestion is major problem on the road in the urban cities, so one of 
the important part of ITS (Intelligent Transport System) is incident detection 
system. It is important to create an effective system of determining the incident 
(Hourdos & Garg, 2008). 

The system of traffic incident management has to deal with many 
uncontrolled and uncontrollable factors that are difficult to predict and take into 
account in the planning of decisions, such as weather conditions, the condition of 
roads, the physical and moral driver of operators (Alkandari, 2013; Akhmadieva, 
2015; Akhmadieva & Minnikhanov, 2015; Sultangazinov et al., 2016; Bulat & 
Volkov, 2016). For the process of traffic incident, the system it is necessary to 
develop a decision support system based on the mathematical apparatus of 
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assessing situations and selection based on them the required control action 
(Deniz & Celikoglub, 2011). Such a system may be implemented based on fuzzy 
situational management (Simankov & Shopin, 2004; Toymentseva et al., 2016). 

In this research it’s suggested algorithm based on fuzzy logic to detect 
traffic incidents and determine its priority for transmission information about 
incident to emergency services (Nikolaev & Sapego, 2015). The data for the 
algorithm may come from the sensors installed on the roadway, as well as from 
drivers, emergency services, etc (Mitrovich, Valenti & Mancini, 2006): 



Figure 1 . The scheme of obtaining the input data 

Information on the current flow rate and volume of traffic can be obtained 
from the sensors without human intervention (Mahmassani et al., 1999). 
However, such information as the type of incident, the vehicle type and location 
cannot be obtained without human intervention. For example, when the 
notification of the presence of the incident, the controller installed on the road by 
camera can determine at what point an incident occurred and what types of 
vehicles (TC) are involved in it (Manstetten & Maichle, 1996). 

In this paper it presents results of proposed algorithm simulations in real¬ 
time using a modeling system PTV Vissim (“What keeps traffic flowing”, n.d.). 
There are sensors (analogue of induction loops) on the tested section of the road 
are located. Data from the sensors is collected for each predetermined period and 
unloaded in an excel file. The received data are analyzed for the presence of the 
incident (Skorput, Mandzuka & Jelusic, 2010). If the incident is detected, the 
algorithm of defining its priorities will be started. In addition to determining the 
priority algorithm, the system sends a notification to the appropriate emergency 
services with information about occurred incident. 

Materials and Methods 

Simulation of incidents in PTV Vissim 

Software PTV VISSIM is microscopic simulators stochastic traffic. It was 
used to create a detailed model of 1-210 West. In the past, it used mainly as a 
tool for the design of urban public transport systems, but later it is used to 
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simulate traffic on the highway. The Model of traffic is based on the work (R. 
Wiedemann, 1991) combined the perceptual patterns of behavior of drivers with 
car models (Gomes, 2004). 

The behavioral model for drivers includes classifying of reactions in 
response to the speed and distance relative to the preceding vehicle (Gettman et 
al., 2008). Drivers may decide to change lanes. This decision may be (“PTV 
optima and safety smart traffic control for smart cities”, 2014): 

— Forced - according to the routing requirements, for example, when 
approaching an intersection; 

— Independent - to gain access to a free lane. 

PTV Vissim suggests some of the stochastic variation of parameters such as 
the desired speed and acceleration. 

Configuring the simulation parameters 

The data for the simulation of the incident will be generated in the software 
PTV Vissim. Vissim has not real model of incident simulations, so the data will be 
collected through the creation of parking space on the roadway, which will be 
considered as a road accident (Tian & Dong, 2012). Three different locations of 
incident will be modeled in research relatively sensors. 

The following road setting is installed in PTV Vissim (see Figure 2): 

— The number of lanes in the same direction - 2 lanes; 

— The width of the roadway — 3.5 m (width is based the average value of 
the width of the for normal use roads of different categories according to GOST 
R 52398) (“GOST R 52398. The classification of highways. The main parameters 
and requirements”); 

— The length of the roadway — 1000 m. 
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Figure 2. Installed road setting 

Configuring of parking space (see Figure 3): 
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Figure 3. Configuring of parking space 


On the road it is created one parking space which is symbolized the 
stopping of the vehicle, for example, due to damage). It is configured the 
residence time of the car at the parking place (an average of 100 seconds) in 
order to during the time for downtime congestion of vehicles may be formed for 
further analysis. In addition, for the parking space it set of work time in order 
the cars do not stop during the whole simulation time, but at a certain time to 
analyze the state of the traffic when the incident did not happen. 

Configuring of traffic flow composition with the desired speed is shown in 
Figure 4: 
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Count: 3 
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Figure 4. The composition of the of traffic flow 

Because in the city speed limit must be 60 km/h, so for all type of vehicles 
the desired speed is set to 50 km/h ("DesSpeedDistr" parameter). The percentage 
ratio sets for all type of vehicles: passenger cars — 95%, HGVs (Heavy goods 
vehicle) — 0,02%, buses — 0,03% (“Transport streams. The intensity and 
composition on the federal highway, Moscow region”, n.d.). 

Setting the traffic flow is presented in Figure 5: 
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Figure 5. Setting of the traffic flow with volume value - 2000 auth / h 

It’s necessary to analyze the efficiency of the algorithm in a variety of 
driving conditions; therefore, test will be included 3 different value of traffic 
volume: 2000 auth/h, 4000 auth/h, 8000 auth/h. 

Setting of detector (an analogue of inductive loops) is shown in Figure 6. 
The distance between the measurement points is set 500 meters. 
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Figure 6. Information about on installed detectors on the roadway 

Incidents (parking spaces) will be established at three different locations 
(see Figure 7): 

1. At a distance of 100 meters after the installation of the first detector. 

2. Exactly halfway between the detectors (at a distance of 250 meters). 

3. At a distance of 100 meters before the installation of the first detector. 
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Location of detectors 


Location of incidents 


Figure 7. Positions of detectors and incidents (parking places) 


Data from the detectors come every 30 seconds to the system. Proposed 
algorithm of incident detection will be tested in 3 different values of traffic 
volume and in 3 different locations. The result is 9 different scenarios. 

Results 

Description of experiments 

9 various experiments were performed with different traffic conditions in PTV 
Vissim: 

a) The parking the place was located in three different locations (after 100 
m, in the middle, before 100 m). 

b) Trafficflowwas changed (2000 autm/h, 4000 autm/hand 8000 autm/h). 



Figure 8. Screen of simulation of traffic when an incident occurred 


The simulation results were unloaded in an excel file. The following data 
will be analyzed on the effectiveness of the proposed algorithm based on fuzzy 
logic (Parkany, 2005): 

— Incident detection time: from time when incident occurred (when the car 
stopped at the parking place) until time when system will show the first 
deviation from the normal traffic. 
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— Total number of detected incidents: total number of incidents detected by 
the system (when the system showed that the incident actually occurred). 

— The number of false alarms: number of signals when the system showed 
that the incident occurred, but in fact, it is not on the road. 

As a result of the algorithm the following data will be obtained for each 
experiment: 

1. Time (“BpeMa”): current time of simulation. 

2. Incident (“Hhd;”): it shows the time interval of the incident action (when 

the car stops at the parking place) 

3. Status (“OraTyc ”):incident status that the system displays at the current 

time: 

I. Green — normal traffic; 

II. Yellow - probability of occurrence of the incident; 

III. Red - incident is detected. 

Also the number of fuzzy rules is displays. 

— Amount (“KojinuecTBo”): the average number of vehicles that passed 
through the detector in 30 seconds (the first two lines represent data received 
from the second sensor, the last two — from the first detector). 

— Rate (“CKopocTb”): average flow rate (the first two lines represent data 
received from the second sensor, the last two - from the first detector). 

Results of experiments 
Experiment Ngl 

The initial traffic conditions: 

— Value of volume: 2000 auth. 

— Location of parking place: before 100 m. 
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Figure 9. The result of the algorithm operation (experiment #1) 

At given traffic conditions algorithm it does not immediately determine the 
occurrence of the incident, resulting in time of incident detection is increased. 


Table 1. 

The result of the experiment #1 
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4 

45 

1 

0 

5 

67 

1 

0 

6 

50 

1 

0 

7 

71 

1 

0 

8 

71 

1 

0 

9 

57 

1 

0 

10 

68 

1 

0 

Total 

63,3 

100% 

0% 


Experiment N°2 


The initial traffic conditions: 

— Value of volume: 4000 auth. 

— Location of parking place: before 100 m. 
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Figure 10. The result of the algorithm operation (experiment #2) 

The system showed the presence of the incident, when it was eliminated. It 
means that after the elimination of incident, traffic flow is not immediately come 
to the normal state (Klein, 2006). This situation would not be considered as a 
false alarm. A similar situation has arisen in other experiments. 


Table 2. The result of the experiment #2 


# 

Time of incident 
detection (s) 
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Experiment N°3 


The initial traffic conditions: 

— Value of volume: 8000 auth. 

— Location of parking place: before 100 m. 
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Figure 11 . The result of the algorithm operation (experiment #3) 


Table 3. The result of the experiment #3 


# 

Time of incident 
detection (s) 

Number of detected 
incidents 

The number of false 
alarms 

1 

11 

1 

0 

2 

15 

1 

0 

3 

10 

1 

1 

4 

21 

1 

0 

5 

27 

1 

0 

6 

13 

1 

0 

7 

31 

1 

0 

8 

17 

1 

0 

9 

21 

1 

0 

10 

17 

1 

0 

Total 

18,3 

100% 

10% 


In this experiment, the system showed a false alarm that incident occurred. 
This is because there were a large number of vehicles on the road, so average 
speed was below average given initially (60 km/h). 

Experiment Nq4 


The initial traffic conditions: 


— Value of volume: 2000 auth. 


— Location of parking place: in the middle. 
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Figure 12. The result of the algorithm operation (experiment #4) 
Table 4. The result of the experiment #4 


# 


Time of incident 


Number of detected 


The number of false 
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detection (s) 

incidents 

alarms 

1 

69 

1 

0 

2 

75 

1 

0 

3 

61 

1 

1 

4 
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1 

0 

Total 

64 

100% 

10% 


As in the experiment NqI, system with low value of traffic volume does not 
immediately determine the occurrence of the incident. In addition, the system 
showed a false alarm when the incident has already been eliminated and normal 
traffic is restored. 

Experiment Ng5 

The initial traffic conditions: 

— Value of volume: 4000 auth. 

— Location of parking place: in the middle. 
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Figure 13. The result of the algorithm operation (experiment #5) 


Table 5. The result of the experiment #5 


# 

Time of incident 
detection (s) 

Number of detected 
incidents 

The number of false 
alarms 

1 

35 

1 

0 

2 

47 

1 

0 

3 

31 

1 

0 

4 

29 

1 

0 

5 

37 

1 

0 

6 

42 

1 

0 

7 

33 

1 

0 

8 

34 

1 

0 

9 

42 

1 

0 

10 

33 

1 

0 

Total 

36,3 

100% 

0% 


Experiment N 26 






































































9070 


A. B. NIKOLAEV ET AL. GlO 


The initial traffic conditions: 

— Value of volume: 8000 auth. 

— Location of parking place: in the middle. 
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Figure 14. The result of the algorithm operation (experiment #6) 

Table 6. The result of the experiment #6 

# 

Time of incident 
detection (s) 

Number of detected 
incidents 

The number of false 
alarms 

1 

45 

1 

0 

2 

48 

1 

0 

3 

37 

1 

0 

4 

41 

1 

0 

5 

39 

1 

0 

6 

40 

1 

0 

7 

35 

1 

0 

8 

31 

1 

0 

9 

34 

1 

0 

10 

43 

1 

0 

Total 

39,3 

100% 

0% 


Experiment N°7 


The initial traffic conditions: 

— Value of volume: 2000 auth. 

— Location of parking place: after 100 m. 
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Figure 15. The result of the algorithm operation (experiment #7) 

Table 7. The result of the experiment #7 

# Time of incident Number of detected The number of false 
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detection (s) 

incidents 

alarms 

1 

71 

1 

0 

2 

69 

1 

0 

3 

68 

1 

0 

4 

55 

1 

0 

5 

63 

1 

0 

6 

69 

1 

0 

7 

72 

1 

0 

8 

65 

1 

0 

9 

63 

1 

0 

10 

58 

1 

0 

Total 

65,3 

100% 

0% 


Experiment N°8 


The initial traffic conditions: 
— Value of volume: 4000 auth. 


— Location of parking place: after 100 m. 
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Figure 16. The result of the algorithm operation (experiment #8) 

Table 8. The result of the experiment #8 

# 

Time of incident 1 

detection (s) 

'lumber of detected 
incidents 

The number of false 
alarms 

1 

31 

1 

0 

2 

47 

1 

0 

3 

27 

1 

0 

4 

32 

1 

0 

5 

29 

1 

0 

6 

33 

1 

0 

7 

41 

1 

0 

8 

25 

1 

1 

9 

23 

1 

0 

10 

29 

1 

0 

Total 

31,7 

100% 

10% 


Experiment N°9 


The initial traffic conditions: 

— Value of volume: 8000 auth. 

— Location of parking place: after 100 m. 
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Figure 17. The result of the algorithm operation (experiment #9) 


Table 9. The result of the experiment #9 


# 

Time of incident 
detection (s) 

Number of detected 
incidents 

The number of false 
alarms 

1 

27 

1 

0 

2 

40 

1 

0 

3 

29 

1 

0 

4 

31 

1 

0 

5 

35 

1 

0 

6 

27 

1 

0 

7 

22 

1 

0 

8 

39 

1 

0 

9 

28 

1 

0 

10 

25 

1 

0 

Total 

30,3 

100% 

0% 


Discussion 


Analysis of simulation results 

The maximum value of incident detection time was obtained at low value of 
road volume (2000 auth/h) with using the proposed algorithm. The minimum 
value of detection time was observed at high value of volume (8,000 auth/h) - 
18.3 seconds. This is caused by that presence of incident will affect faster on 
traffic flow with high volume than with low value. 

Some experimentation have shown false alarms of incidents. Two of them 
were at average value of volume - 4000 auth/h.At high value of volume system 
showed the presence of the incident after its elimination. This is because 
congestion isn’t immediately disappeared after the elimination of the incident. 
The averaged data for all simulation experiments are shown in Table 10. 


Table 10. Summary results of the experiments 


Number of 
experiment 

Time of incident 
detection (s) 

Number of detected 
incidents 

The number of 
false alarms 

1 

63,3 

1 

0 

2 

20,7 

1 

0 

3 

18,3 

1 

0,1 

4 

64 

1 

0,1 

5 

36,3 

1 

0 

6 

39,3 

1 

0 

7 

65,3 

1 

0 

8 

31,7 

1 

0,1 
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9 

30,3 

1 

0 

Total 

41,02 

100% 

3,33% 


In all the experiments, the proposed algorithm has shown high results in 
the number of detected incidents — 100% nrelatively low rate of errors — 3,33%. 
Despite the fact that at low value of volume the incident detection time was 
large, the average result over time- 41,02 s. Other words on the average 
proposed algorithm determines the occurrence of the incident for the two phases 
(each phases of the data collection and its analysis were 30 s), that in general it 
is also a good result. 

The implementation of the algorithm for determining the incident 
priority and emergency service 

When the system has shown that the incident occurred, it runs the 
algorithm to determine the priority of the incident (Nikolaev & Sapego, 2016). 
Apart from the fact that the algorithm determines the priority; it is also 
depending on the input data identifies the emergency services which necessary 
to eliminate the incident. 

For each type of incident is necessary to define its subtypes for more exact 
definition of the incident priority and the emergency services. The following 
subtypes of incident is defined (Kim & Choi, 2001): 

Table 11 Determination of the emergency services depending on the subtype of the 
incident 


The subtype of the incident 

The emergency services 

1.1. Malfunction of vehicle: a tire puncture, 
mechanical / electrical failure, 

Evacuator 

overheating 


2.2. Hit an obstacle (without health 
damage) 


1.2. The presence of obstacles on the road 
(tree, etc) 

Utility services 

2.1. Collision of vehicle without health 

Main Directorate for Road Traffic Safety 

damage, hit a stationary vehicles 

(GIBDD) 

3.1. Ignition of vehicle 

Main Directorate Fire department 

3.2. Causing harm to health 

for Road Traffic Emergency medical 

Safety (GIBDD) services 

3.3. Spills of hazardous substances 

Ministry of 

Emergency Situations 


Because the original data for the evaluation of incident occurrence uploaded 
to Excel file, so language for the implementation of the algorithm has been 
selected visual basic. The user form is shown in Figure 20 where it is possible to 
choose define the characteristics of the incident (in real these data come from 
different sources - see Figure 1). 
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Figure 18. The user form to define the incident priority 

In the pop-up form, it is possible to set several options for a particular 
parameter using Checkbox. For example, it is possible to set that the incident 
occurred on two lanes or cars and trucks involved in an incident, etc. This 
algorithm does not start if any of the parameter is not selected (additional 
window of error arise). 



Figure 19. Error when the incident location not selected 

When two options parameters are selected, the implemented algorithm will 
consider both parameters. Ultimately the maximum value will be set the 
corresponding variable. For example, priority is given to the incident occurred on 
the side of the road, will be lower than that of the incident, which occurred on 
the roadway. But if the incident took place on the roadway and on the shoulder, 
the priority will be given as if the incident occurred on the roadway. This logic 
applies to other parameters. 

The exception-handling model is implemented in the algorithm. For 
example, in the proposed form it is not possible to choose the types of accidents 
where damage to health is and is not at the same time. 
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Tun MHUMfleHTa 

f~ HewcnpaBHOCTb TC: npoKO/i wMHbi, MexaHWMecKas/s/ieKTpMHecKafi no/ioMKa, neperpeB 
f~ Hanunne nperwcTBHfi Ha aopore 

I - Hae3/i Ha npenflTCTBwe (6e3 npnMHHeHnsi Bpeaa 3flopoBbfl) 

W CTonKHOBeHwe TC 6e3 ymep6a 3aopoBbfl yMacTHHKan aopoxHoro flBiweHMfl 

V Bo3ropaHne TpaHcnopTHoro cpeacTBa 

W npMMHHeHwe Bpeaa 3aopoBbio yMacmuKy aopoxcHoro flBiweHMfl 

V l/TenKa onacHbix BemecrB 


Figure 20. Error when choosing a couple of contradictory types of incidents 

If all the necessary parameters are selected and the contradictions are not 
found then incident priority appears in the Textbox in the bottom of the form. In 
addition, there are emergency service below needed to resolve the incident 
(implemented using Checkbox). 



Figure 21. An example of algorithm operation N°1 
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Figure 22. An example of algorithm operation N°2 

"Reset” button is used when it is necessary to set new parameters of the 
emerged incident and get a new priority. 

Conclusions 

In this article, it was modeled 9 different situations related to the 
occurrence of road accidents using PTV Vissim. In each experiment value of 
traffic volume (2000 auth/h, 4000 auth/h, 8000 auth/h) and value of incident 
(parking place) location (before 100m, between the sensors, after 100m) were 
changed. The proposed algorithm is implemented to determine the occurrence of 
incidents showed a good result - 100%. However, the algorithm was not the best 
indicator of false alarms — 3%. 

In addition, an algorithm was proposed to determine the priority of the 
incident after its occurrence, implemented on visual basic. In addition to 
determining the priority, the algorithm also showed what emergency services 
should be notified to eliminate the incident. 

Based on the results it can be concluded about the suitability of the 
proposed algorithm in the circuit of intelligent transport systems. 
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